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Abstract

The report describes bench testing and faultfinding methodologies and instrumentation
w*ich are intended for use with the sonar data acquisition and display component of the
Royal Australian Navy route surveillance system. The proposed techniques are to be used
operationally at the organisational and intermediate levels. Test hardware is described
which provides acceptable test signals for the evaluation and fault finding analysis of the
Info Express Sonar Imaging and Data Acquisition (SIDA) system and, in part, the
Vlein 595 Side Scan Sonar units, including all associated A/D converters. This
equipment has been used successfully in locating a previously unsuspected fault in one
SIDA unit. A recommendation is made that standards be established against which the
performance of the SIDA unit's digitisers can be assessed.
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Diagnostic Procedures for the Royal
Australian Navy Side Scan Sonar

Display

1. Introduction

The Royal Australian Navy is currently developing a route surveillance system
(RSS) which utilises side scam sonar as its primary data gathering tool. As the
equipment required to perform the sonar imaging is relatively complex, major
repair and overhaul will be conducted on a maintenance contract basis. Much of

the responsibility for day-to-day, operational maintenance of the equipment,
however, will fall to naval personnel. It is therefore important that fault finding
procedures be clearly defined. The Navy, through the Minesweeping Project, is
currently working towards the development of a standard set of diagnostic and
fault finding procedures for use with the RSS. The following report describes the
design and method of application of an instrument which can potentially be used
to perform some of the diagnostic tests of the route surveillance system.

The sonar data acquisition component of the RSS currently comprises four

major subsystem components; a towed body; a towing mechanism comprising a
cable, winch and interconnections; a sonar control unit (currently a KLEIN 595);
and a display unit (Info Express Sonar Imaging and Data Acquisition System
(SIDA)). The display unit digitises the sonar signals, conditions the digitised
information and presents it on a display monitor. This report details methods
and instrumentation which can be used to confirm that the sonar data acquisition
and display components of the SIDA are fully functional and correctly calibrated.
Faults can occur in any one of the above subsystems, or in their interconnections,
and produce ambiguous symptoms on the display screen. Techniques are also
described which can be used to isolate faults which have occurred in the fourth
subsystem (the SIDA) or its sonar interconnections. It should be noted that
techniques described in this report are directed towards the evaluation and fault

finding of the data acquisition and data display components of the SIDA.
Guidance on the troubleshooting and maintenance of the computing hardware
and software associated with the SIDA is given in the Operations Guide for that
device fl).



2. Functional Description of the SIDA

Side scan sonar signals typically occur in two stages. The first stage, following
transmission of the acoustic pulse into the water, is a period of low acoustic return

and is known as the "water column". This corresponds to the time required for

the acoustic signal to reach the point on the sea bed which is closest to the

transducer array (generally almost directly below the towed body), be reflected
and return to the-receiver. The second stage begins from the time the first sea
bed return is received. As horizontal range across the sea floor increases, so does
the two-way transmission time for the pulse. Thus by plotting signal strength
against transmission time it is possible to generate an "image" of the sea bed. If
the altitude of the towed body, measured relative to the sea bed, is known and if it
is assumed that the sea bed is relatively flat, then it is possible to convert
transmission time to horizontal range. This is known as slant range correction.
It should be noted that sonar returns are actually being received from all points on
a cylindrical wavefront. In order for slant range correction to be valid it is
necessary to assume (a) that the return from all parts of the wavefront, other than
that reflected from the sea bed, is negligible, and (b) that the speed of sound in
water is constant. While neither assumption is strictly valid, in most instances
the errors which result from their adoption are not great. As the sonar returns
from the sea bed are greatest at close horizontal ranges, under most conditions the
transition from water column to sea bed return is quite sharp. By tracking this
transition it is possible to monitor the altitude of the towed body and thus to

perform a slant range correction on returning sonar signals. The SIDA system is
designied to separate the returning signals uito the two side scan sonar stages.

Figure 1 is a functional block diagram of the sonar data acquisitiott and display
modules of the SIDA. The output of the side scan sonar unit is interfaced to the
SIDA through five ports in the sonar data acquisition module (DAM). The sonar

unit notifies the start of each ping by outputting a trigger pulse. The SIDA has a
functional sub-module dedicated to the detection of this trigger pulse. The other
outputs of the sonar represent the raw sonar data for port and starboard
transducers at 100 kHz and at 500 kHz. A functional sub-module digitally
samples each of these signals at a constant rate, then applies a bottom detection
algorithm to the data. When the bottom is detected, a further series of digitisers
begins acquisition of the data for each of the sonar channels. Unlike the bottom
tracking digitisers, the sampling intervals for these digitisers are not fixed, but are
varied according to a slant range correction table. Thus the signals are sampled

m terms of units of distance across the bottom. In a typical operational mode the
total horizontal range, per side, is 100 m and there are 1024 equi-spaced samples
across that range.

Once signals have been sampled and digitised, the data are transmitted along an
external data bus to a pair of image processing and video display (IPVD)
modules, one module for each sonar frequency. Both slant range corrected (2048
sanmples per ping) and fixed interval (1024 samples per ping) sampled data are
transmitted to these modules. The data are assembled ready for display, and
output, via a selector switch, to the display. Only one sonar frequency can be
displayed at any time.
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Figure 1: Functional block diagram of the sonar data acquisition and display modules of
the SIDA.

3. Test Methodologies

3.1 Bench Testing of SIDA

The procedures which are proposed in this section can be used to confirm that the
sonar data acquisition and display functions of the SIDA are fully functional.
Several factors were considered in devising these procedures. There was no
specific requirement that procedures or test instrumentation should be useful in
locating faults at the component level; that is the job of the maintenance
contractors. In the event of problems arising, however, it was a requirement that
the technician should be able to provide the maintenance engineer with sufficient
information to allow the likely faulty module or modules to be isolated. It was
assumed that test personnel would be competent technicians but not necessarily
engineers or scientists. Optional features were therefore kept to a minimum. It
was assumed that basic test instrumentation, such as digital voltmeters, would be
available to the technician. Finally, it was decided that test procedures should be
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designed so that the performance of the subsystem under test, the SIDA, can be
evaluated in isolation from other subsystems of the RSS.

'The test sequences discussed in this section are based on the application of a
Diagnostic Signal Generator (DSG), a detailed description of which is included
below, which was designed and the prototype built and tested at the Materials
Research Laboratory (MRL). The instrument was origuudly developed as a
scientific tool for use by MRL staff in the assessment of the performance of the
SIDA. -The DSG has a trigger output and separate port/starboard outputs at both
sonar frequencies. Thus, referring to Figure 1, the DSG was designed to be
substituted for the Klein 595 sonar unit. The DSG generates a trigger pulse
whose characteristics are matched to those of the Klein unit's trigger. The other,
".sonar" outputs of the DSG can be switched between two modes. The first mode
is intended to be used for confirmation of normal function of the SIDA, and for
tracing apparent faults through the system. It is intended that the second mode
be used in checking that all of the data acquisition sub-modules are correctly
calibrated.

In its first operating mode the DSG unit generates a repeatable signal with a
two-stage characteristic similar to side scan sonar operating at a range of 100 m.
This signal, being distinctive and repeatable, can be traced through the SIDA
during fault-finding operations. An output timing diagram is illustrated in
Figure 2. It can be seen that the "sonar" output of the DSG is a modified ramp
waveform. The low-level signal following the trigger simulates a water column.
The duration of this portion of the waveform is set at 13.3 ms, corresponding to a
towfish altitude of 10 in. The waveform then rises rapidly to maximum output
voltage. In an actual sonar recording this would correspond to the receipt of the
bottom-reflected signal from directly below the towfish. This feature is designed
to provide a test of the bottom-tracking circuitry of the SIDA. The slow
downward ramp covers the full dynamic range of the analogue-to-digital
converters in the DAM module. Finally, a steady-state, low-level portion of the
waveform can be used to check for the absence of noise or jitter in the SIDA.

The DSG unit is connected to all five sonar input lines of the SIDA. The SIDA
should then be initialised and set to realtime data acquisition mode with a range
of 100 m. In normal operation, amplitude ramps should be presented in all three
display fields of the SIDA, as shown in Figure 3. The port and starboard slant
range corrected fields, at left and centre of the display screen respectively, should
have the low-level "water column" removed. They should show a large
amplitude signal close to the midline, with a progressive reduction of amplitude
as the slant range increases. The bottom-tracking display field, at the right of the
screen, should present the low-level signal of the "water column" and vart of the
ramping signal, for both port and starboard sides. The system status display
should indicate that the towfish altitude is 10 m. In the event of an abnormal
display occurring, Table I details the characteristic displays for several possible
faults.
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Table 1: SIDA operating characteristics for a number of possible fault conditions

SYMPTOM POSIBLE CAUSE

Normal display, both frequencies Systemoper-aing normally

No scrolling display at either frequency, DAM Trigger suibmodule faulty.
status LEDs not blinking, recr number an DAM Trigger cable faulty
status display nor incrementinig

No scrollig display at either frequency. DAM Data bus faulty (run SIDA diagnostic software)
status LEDs blinkindg, record number an DAM Display onuirtor switched off/faulty
status display incremienting

Scrolling display, o- frequency only Relevant IPWD module non-functaonal

Water column visible in slant range display fields, Bottomr-tracking sub-module not functioning
towflah altitude shown as, significantly different correctly
from 10 m

No valid dots for one specific sonar frequency and Suspect analogue-to-digital converter sub-module
side in slant range display field for that frequency and side

No valid data for one specific sonar frequency and Suspect analogue-to-digital converter in bottom-
side in water column display field tracking sub-module for that frequency and aide

No valid data for one specific sonar frequency and Suspect cables and connections for that frequency
side in both slant range and bottom-tracking and side
display fields

Ping 1 I Ping 2

Phase 1 Phase I

(WtrClm) Phase 2 
Phase 2

(Sea Bed Return)V i _ ___

TriggerT

Time relative to Ping 1, ma
0 20 40 60 80 100 120 140 160 180

0 240 60so 10 0 2
Horizontal Range (metres)

Figure 2: Output timing diagram of the Diagnostic Signal Generator. Thre "sonar"
output oth S isamodified ramp waveform, designed to simulate the two-stage

chaactritic ofsie sansonar.
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By selecting the second operating mode of the DSG, it is possible to confirm that
the analogue-to-digital converters in the DAM module are operating within
particular specified tolerances of amplitude and linearity. At the time of writing
of this report, no such standards have been established by the Navy [2). In order
to facilitate the direct comparison of data recorded from different SIDA uruts it is
strongly recommended that this be done. Facilities exist for the connection, in
parallel with the SIDA unit, of a three-digit multimeter to the sonar outputs of the
DSG: In addition to the trigger signal, in this mode the DSG simply outputs an
adjustable, DC voltage. The recommended procedure is to select the waveform
display on the SIDA and, starting with the DSG output voltage at 0 V, to
progressively increase the DSG voltage through the full dynamic range of the
SIDA digitisers. By stepping the DSG voltage through, say, 20 output voltage
levels and taking a note of the digitised level for both bottom-tracking and slant
range input sub-modules at each sonar frequency and side, it is possible to
prepare a calibration graph for all eight digitisers. The digitised values should all
fall within specified bounds before the SIDA is allowed to be used to collect sonar
data. It is recommended that standards be set and that this calibration check be
performed on an annual basis, or after major repairs have been performed on the
system.

The DSG urut can also be used to confirm correct operation of the analogue-to-
digital converters, bottom-tracking/slant range correction circuitry and chart
recorder of the Klein sonar. The DSG is connected to the "tape in" port of the
sonar, and operated as for the SIDA. In normal operation, amplitude ramps
should be printed on each of the print fields of the chart recorder. It should be
noted that, while the "rub test", described below, can also be used to bench test the
chart recorder, it does not check the sonar's bottom-tracking circuitry, neither
does it yield a time-varying signal which systematically covers the full range of
the sonar's signal processing circuitry.

3.2 Fault Finding in the Operational Environment

It is proposed that the procedures described in this section be used in the
operational environment to trace faults which are suspected to involve the sonar
data acquisition and display functions of the SIDA, or the subsystem
interconnections. It is expected that the tests would be performed by the ship's
electrician.

The sequence of tests to be performed is illustrated in Figure 4. lit the event of
an apparent fault developing during operational deployment of the system, as
reflected by the absence of one or more channel from the sonar display, the towed
body should normally be recovered. Upon recovery, a "rub test" should be
performed: with the sonar running, a hand is passed over the surface of the
transducer arrays, one side at a time. For both sonar frequencies this should
produce a characteristic banding pattern on the relevant side of the SIDA display
and sonar chart recorder. If this occurs, with comparable records produced by
display and chart, then the system tests satisfactorily and the towfish should be
redeployed and retried in the water. If the problem recurs, then the fault is
probably in the cable or the towfish connector.
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4. Detailed Description of Test Instrumentation

4.1 Design Criteria

A set of design criteria were developed, by the authors, against which the
performance of the DSG instrument could be assessed. These criteria are based
on the functional requirements imposed by the test procedures which have been
proposed in the preceding section.

It was required that the instrument should meet the following criteria:

1. It should be possible to use the instrument to confirm correct operation of the
SIDA, independent of the side scan sonar unit.

2. The DSG unit must generate a distinctive and repeatable signal which can be
traced through the SIDA during fault-finding operations.

3. Used in combination with a 3 digit Digital Volt Meter (DVM), it must be
possible to use the unit to confirm the calibration of the analogue-to-digital
converters in the SIDA system.

4. It should be possible to use the instrument to confirm correct operation of the
analogue-to-digital converter circuits, bottom-tracker and chart recorder of
the Klein 595 side scan sonar.

5. The instrument must generate trigger pulses whose characteristics are
indistinguishable from those of the Klein side scan sonar.

6. The DSG unit must have an output voltage, either ramping or DC, which can
vary from 0 V to an upper limit of 5 V. The voltage limits for the ramping
waveform must, however, be internally adjustable. This will allow the DSG
to be adjusted to best accommodate future configurations in the sonar
equipment.

7. The unit should be sufficiently compact to allow it to be carried as part of a
MSA (small) vessel's tool kit.

8. Test units must have low power consumption to allow for reliable battery
operation. Alternatively, the unit may be powered externally if a mains
supply is available via a mini power supply for the purpose of conserving
battery life. To ensure ample time for trouble-shooting work, operational
battery life must be at least four hours at maximum load.

9. The test unit must give an appropriate indication that it is fully functional.

10. The unit must incorporate a fail-safe provision to ensure that (a) it cannot be
damaged by being connected to a faulty SIDA or sonar unit, and (b) if the
DSG itself should fail during use, there is minimal probability that it will
cause damage to the SIDA or sonar units.
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4.2 Functional Description

The Diagnostic Signal Generator is divided into four functional stages, as
summarised below. A detailed description of the hardware implementation of
these functional stages is included in Appendix 2.

STAGE 1: Voltage Regulation and Over- Voltage Protection

The voltage regulator stage provides a constant 5.0 V output, which is compatible
with the digital electronics used in the DSG. The regulator is configured in a
"crowbar" network to provide protection, for instruments to which the DSG is
connected, against excessive voltages which could occur in the event of failure of
the voltage regulator.

STAGE 2: Square Wave Generator

This stage generates a square wave input to stages 3 and 4. A 140 ms timing
period is required at stage 3, for the production of a ramp signal acceptable to the
SIDA. Similarly, stage 4 requires the same input to produce a suitable
synchronous pulse to drive the SIDA.

STAGE 3: RAMP and ADJUSTABLE DC Generator with visual (LED) indication of
operating mode

This stage contains the electronics required for the generation of the required test
signals, namely RAMP and ADJUSTABLE DC. Incorporated in this stage is the
LED network which provides visual indication of operating mode.

STAGE 4: Synchronous Pulse Generator

This stage provides the synchronous pulses required to drive the Info Express
SIDA and KLEIN units, each pulse representing the start of a "ping".

5. Evaluative Trials

Development tests of the DSG instrumentation and bench test procedures were
carried out on two SIDA systems which were known to be hflly functional. A
subsequent trial was conducted using the SIDA system located at HMAS
Lonsdale. This system had previously been used for playback of prerecorded
sonar data but had never been used to record raw sonar data. Upon connection
of the DSG, however, it was found that the SIDA would not trigger and,
furthermore, the trigger crcuit LED on the DSG indicated a possible short-circuit
in the SIDA. The fault was not rectified by replacing the interconnecting cable, so
the trigger sub-module was suspected to be faulty (see Table 1) and the
maintenance engineers were called in. The problem was subsequently confirmed
as being due to a short-circuit in an internal connector leading to that sub-module.

14



6. Discussion and Conclusion

Fhe procedures which have been described in this report were developed as a
result of a series of experiments conducted by the authors and involving the route
surveillance system. In devising the methods, due regard was given to the short
tenure which is normally associated with junior-level naval postings. The
methods and instrumentation which have been devised were therefore kept as
simple as possible so that they could be quickly mastered.

The DSG test hardware fulfilled all design criteria laid down in section 4.1. A
distinctive and repeatable signal which can be traced through the SIDA system
was obtained. Hence, correct operation of the SIDA system can be determined
independent of the side scan sonar unit. Correct calibration of the analogue-to-
digital converters in the SIDA system, or alternatively the Klein 595 chart
recorder, can be confirmed with the aid of the built-in, adjustable DC generator.
The timing and synchronisation pulses generated by the DSG proved to be
indistinguishable from those of the Klein unit with an output voltage within A/D
converter limitations. A low power consumption for battery operation was
achieved and the circuitry (including batteries) was housed in an appropriately
small box to ensure portability. The DSG was tested to determine its maximum
battery life for reliability under continuous operation at maximum load (all LED's
set to ON). It was found that an operational battery life of at least five hours
could be achieved.

It is recommended that a set of performance standards be established for the
SIDA digitisers, and that the calibration of these be checked as part of a regular
maintenance schedule.
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Appendix 1

Acronyms

A/D Analog to Digital Converter

ASC Agreed Ship Characteristics

DAM Data Acquisition Module

DSG Diagnostic Signal Generator

DVM Digital Volt Meter

IPVD Image Processing and Video Display module

LED Light Emitting Diode

MSA Minesweeping Auxiliary

MSP Minesweeping Project

RSS Route Surveillance System

SCR Silicon Controlied Rectifier

SIDA Sonar Imaging and Data Acquisition System
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Appendix 2

DSG Hardware Implementation

Circuit Description

The DSG circuit schematic (Fig. Al) has been split into the four functional stages
described above. The LM 317 adjustable 34erminal positive voltage regulator
(Ul) was selected to provide the required voltage regulation because its ability to
provide a suitable output current with both line and load regulation is superior to
that of many fixed regulators. If the regulator output voltage exceeds 5.5 V, the
zener voltage of D2 is exceeded, and Q1 will be turned ON via R39. With Q1
ON, sufficient current will pais through R3 to turn ON the SCR (Q11), thus
causing a short circuit across the fuse (FI). Thus, fuse F1 will be caused to blow if
the supply voltage exceeds 5.5 V at Ul. This circuit provides good over-voltage
protection for the DSG and more importantly, prevents possible damage to the
SIDA unit should a voltage regulator failure occur.

The LM 3905 precision timer (U5) is configured for astable operation with an
operating frequency of approximately 7 Hz (see Fig. 2). An operating frequency
of 7 Hz was selected to correspond with the sampling period of side scan sonar
operating in mapping mode at 100 m range and with A towfish altitude up to 40 in
(Ref. 3, section 4.6). The resulting waveform serves as an input to following
stages (see timing waveforms at Figure Al), thus providing an accurate clocking
for subsequent timing waveforms.

In the third stage, the SN 74221 dual monostable multivibrator (U6) generates
the control signals which determine the relative durations of the two side scan
sonar stages (Fig. 2). The LM 3900 operational amplifier (U2C) is configured to
yield a "RAMP DOWN" output waveform. With the addition of an analogue
switch (U4) the STEADY STATE HIGH component of the waveform can be
removed while still maintaining a fast rising edge. In addition to the ramp
waveform, a simple DC generator (output of Q4) is used to provide an adjustable,
constant voltage to confirm the calibration of the analogue-to-digital converters in
the SIDA system. A ten-turn potentiometer (R13) is used to achieve fine control
of the output voltage setting. The driver transistors for the LED status indicators
are driven directly off the outputs of the DSG. Thus the LEDs give a visual
indication of the actual output of the unit. Any abnormality in the output of the
DSG, caused by connection to a defective cable or SIDA channel will be reflected
in an abnormality in the output of the LEDs. Finally the circuit is configured so
that, at any time, separate sonar output can be switched between the two
operating modes, or switched off completely, independent of the other outputs.
A signal can therefore be input to any channel which is differnt tom the si*Wl at
the others, enabling a simple test to be made that each channel has been correctly
connected.

The Synchronous Pulse Generator stage is based on a SN 74121 monostable
multivibrator (U3). This device provides the synchronous pulses required to
drive the SIDA or Klein units, each pulse representing the start of a "ping".
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Power Requirements and Operating Conditions

The DSG uses six "AA" size batteries to provide a nominal 9 V supply. The
mulimunm input voltage required by the LM 317 voltage regulator to mauitaui an
output voltage of 5 V continuous is 7.8 V. A maximum current of about 100 mA
is required to power the DSG with all the LED's ON. In this case, alkaline
batteries are recommended as these typically have a capacity of at least
1500 mA-hr, thus providing for several hours of continuous operation.
Alternatively, external DC operation is possible with most DC mini-power
supplies which are externally switchable in the range 9 to 12 V.
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